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ABSTRACT
Title of Research paper: Secondhand vessel valuation for major dry bulk carriers

Degree:

MSc

Ship valuation takes an important role in the construction of modern shipping center.
This paper makes a research on ship valuation which starts from introduction of ship
market. Then the current conditions of ship valuation market and Chinese ship
valuation market are explained. The common methods of ship valuation are
introduced. Replacement cost method, Income approach and Market approach are
widely used in ship valuation. The merits and defects of those methods are discussed
in this paper.
A systematic analysis of the factors that affect shipping price has been discussed in
this paper. Those factors are divided into three classes: the technical features of ship
itself, shipping market factors and external factors. After the overall qualified analysis
on determinants of ship price, a new approach which based on BP network is put
forward. More than 600 hundred ship transaction records are used to verify our model.
The results show the model has good performances and capacity of generalization in
the major dry bulk carrier market.

Keyword:

Ship price, BP network, ship valuation, ship price assessment, ship

price evaluation, determinants.
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1. Introduction

1. Introduction
1.1 Research Background
Since 2000, world GDP has been over 3.5% in average and world seaborne trade has
rose from 6108.59 million ton to 9910.19 million tones. If we look at picture 1.1 we
can see that the pattern of world seaborne trade follows with world GDP. From 1975
to 1990, they are almost overlapped. But since 1991, although they are followed same
trend, the world seaborne trade has a higher increase than world GDP. From
2008-2009, they all declined because of the influence of world economy crisis.
Therefore, it is easy to conclude that world seaborne trade always increases with the
increase of world economy. According to the statistics study, each 1% increase in
world economy will lead to 1.6% increase in world seaborne trade.

Figure 1.1 World seaborne trade and world GDP

Subtracts from UNCTED secretariat

The prosperity and decline of world seaborne trade will cause the world ships market
up and down. Therefore the pattern of world ships market is always similar to the
world shipping market. The reason for the similar pattern between them is the
character of capital---chasing interest. Generally speaking, when the shipping market
goes up, more capital will come into ships market. The participators in shipping are
1
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not only traditional shipowners but also some speculators. Therefore more ships will
be ordered. After a huge decline of freight rate, some participators will even refuse to
take those ships which they bought from shipyard that is always happened after 2008.
Banks also play an important role in shipping. Not all banks can provide ship
financing for shipowners. Because ship financing require the bank to well understand
how shipping market and ships market works. If the bank is not able to accurately
estimate the ships price, it will bring more risk for the bank. In the eye of insurance
company, ships always work with risk. The risk is not easy to see in advance. The ship
valuation will directly influence risk management mechanism of insurance company.
Therefore, risk of shipping financing and insurance changes constantly for the banks
and insurance company because of the fluctuation of ships price. In order to minimize
the risk, Not only shipowners but also banks and insurance company should know
ships price in time.

There is a saying in shipping industry that “No one makes money from newbuilding
ships”. People say that because investment in newbuilding ship is always a huge
amount of money and recovery period of investment is very long. If we take Capesize
carrier as an example, we can see in September 2013 the price of newbuilding
Capesize vessel is around 50 million USD. If we put the vessel into shipping market
and it is very lucky for us to get a time charter contract for her, we will get 9,000 USD
per day.1 So that means the investment recovery period will be 15 years. That's really
a long time. On the other hand, building a new ship will use 2-3 years and at the same
time the market price of the ship changes with the fluctuation of the shipping market.
So it is hard for you to forecast the price of the ship. Compare to newbuilding vessels,
second-hand vessels can be put into use instantly. And some “new” shipowners
always earn money through ship transaction. Under this background, there are lots of
researches about the price of second-hand vessel from different corner of the world.
Study on second-hand price can help two parties in ship transaction to reach a fair
price. It can also give a strong support on second-hand ships financing and give
1

Data collect from china shipping database
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insurance company a reference to evaluate the value of ships. Hence, studies about
second-hand ship price can drive development of ship transaction, ship financing and
ship insurance industries.

Currently, shanghai has been developed into an international metropolis and is
committed to building an international financial center and shipping center. Although
the throughput of shanghai has join the first class in the world, the certain disparity of
the soft power still exist between shanghai and other international shipping center like
London and Singapore. Ship valuation is the major part of soft power in shipping
center construction. Therefore the study on ship valuation has a great meaning in
shipping center construction.

1.2 Literature Review
In this section, a summary of recent studies about second-hand ship price is provided.

Beenstock (1985) is the first people who put his study on the ship markets and
influence factors of ship prices. He believes that ship prices are not fully determined
by supply and demand situation of the ships market because a ship is a capital asset
and usually has considerable longevity. So he turned to portfolio theory and put
forward a equation of ship price:

F * PS t
E 
E PS
 f PS ( t t 1 , t t 1 , i t )
Wt
PS t
PS t
Where:
PS: the second-hand price
W: the world wealth
F: The fleet Size
EtΠt+1= expected ship earnings for the coming year, equal to time charter minus operating
costs
EtPSt+1= Expected second-hand price for next year
i: the interest rate
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In his equation, second-hand price is associated with world wealth. Investment in
second-hand vessel is just a part of portfolio of total world wealth. He implies that
ship price based on expectations about ships market.

Strandenes, S. R. (1986) put forward that second-hand market and newbuilding
market should be treated as a whole market. The second-hand price is related to the
expectation over the development of other shipping markets. Based on Strandenes
research, Wijnolst N. and Wergeland(1997) come up with a ship value model:

PS  

C1

1  r 



C2

1  r 

2



C3

1  r 

3

  

Cn

1  r 

n

Where:
PS: The ship value
Ci: The net cash flow in each period i = 1…n
n: The number of expected years of trading
Beenstock and Vergottis(1993) publish a book about Econometric Modelling of World
Shipping which is the first book in this area. In his book, he came up with
econometric models for world shipping, the dry cargo and tanker. This book also uses
a new method to explaining the behavior of vessel prices. He assume the ships market
is efficient and use econometric model to examine the influence factors of the ships
market which is based on demand and supply theory. However, the assumption of
efficient market is open to critic. Hale,C. & Vanags, A. (1992) extend their
investigations into the structure of ships market and examines the assumption that the
ships market are efficient. They use the idea of cointegration to analyse the ships
market for secondhand dry bulk carriers. Their results show efficient market
assumption is not validate. After that, Glen,D’s research (1997) examines the dynamic
behaviour of second hand prices of tankers and dry cargo vessels over various time
periods. he tried to determine if the markets are efficient. By using a more modern
method of testing for cointegration, his research shows that both dry cargo and tanker
markets are cointegrated which shows the markets is inefficient. But finally he
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concludes that the existence of cointegration does not necessarily imply market
inefficiency, if the factors that create the common trends are stochastic in nature.

Kavussanos (1997) use autoregressive conditional heteroskedasticity (ARCH) models
to compares volatility estimates between different size vessels. Monthly data is used
in his research. He concludes that large vessels are more volatile than small ones in
price and the nature of this volatility varies across sizes. And conditional volatility of
Handysize and Panamax are associated with interest rates.

SD Tsolakis(2003) analyses second-hand vessel price within the context of
Econometric Business Cycle Research (EBCR). Structural Equation Models and
Vector Autoregression models are used in his research. He uses annual data which
cover 1968-2001 for all types of bulks and tank. In his research, he concludes that
second-hand price has a positive relation with newbuilding price and T/C rate and the
size of the orderbook has a negative effect on the second-hand prices in large and
Panamax tankers. An interesting phenomenon is found by him that the newbuilding
price variable has a higher impact on second-hand prices than the timecharter rate one
in almost all segments. He explain that it may be caused by asset play.

Ådland & Koekebakker(2004) believe that if ships market is efficient the decisions of
buy and sell are based on past price patterns and the significant excess profit should
not be yield which they call it Efficient Market Hypothesis(EMH). Second-hand
market for bulk ships are used by them to prove their hypothesis. They assess a huge
quantity of different parameterisations of the simplest and most popular trading rules
in the financial markets which is filter rules, moving averages, and support and
resistance levels. Their results show second-hand markets for bulk vessels is an
efficient market.

Adland and Koekebakker(2007) use cross-sectional data which are collected in actual
sale

and purchase

transactions

to

analyse

second-hand

vessel

valuation.
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Cross-sectional data help them to avoid broker bias and measurement error. They do
not use a strict linear model but impose a non-linear model for a flexible
non-parametric vessel valuation function. They collect more than 1,850 transaction
data of Handysize bulk carriers from January 1993 to October 2003. In their research,
the second-hand price has non-linear relations with DWT, age, and the state of the
freight market.

Li jianhua(2008) focuses on 5 year-o1d's second-hand bulk carrier. He believes that
second-hand Price of bulk carriers change fiercely going with fluctuation of dry-bulk
shipping market. He combines qualitative and quantitative analysis, mainly adopts BP
neural network to search for laws of index and forecasting index effectively. Demand
and supply of international dry-bulk shipping market, especially demand and supply
of second-hand vessel, influence factors and evolvement and inherent laws on second
hand price have been deeply analyzed in the thesis, which lay the groundwork to
analyze dry-bulk shipping market and price trend. Then the development of
second-hand price, algorithmic method and historical march have been analyzed, and
its character also has been completely introduced and analyzed in the thesis. The
results show the errors between forecasted and real results are held under 4%.
Forecasting value is accurate.

Zhao yan(2010) make a qualitative study of market forms and relationships between
freight rate and shipbuilding market based on the statement of market characteristics,
trend, and situation. She make a quantitative analysis of freight rate index, contract of
newbuilding and newbuilding prices by using ARMA model. Through the
cointegration theory and the establishment of VEC model, it analyses the long-term
dynamics and short-term fluctuations between freight rate and newbuilding market,
and reveals the interaction between the two. In her research, she concludes that the
shipping market freight volatility has a major impact on the shipbuilding market.

6
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1.3 Existing Problem
Current researches can be divided into two categories. One is focus on finding out
determinants of ship price. Another category focus on ship price forecast based on
time series data.

The present researches focus on forecast of second-hand ships price. There are lots of
successful applications of ANNs in forecast of second-hand ships price. For example,
Li jianhua(2008) applies BP ANNs on second-vessel index forecast and the forecast
errors can be controlled less than 4%. DONG Liangcai(2008) uses fuzzy neural
network model to forecast BDI. Both of their researches shows ANNs has a good
performance in ship price forecast. But the problem is time-series forecast technology
based on internal information contains in data itself. So when the external factors
suddenly impact the ships market it will not reflects in forecast model which will lead
to the forecast inaccurate.

Another major category is finding determinants of ship price by OLS technology. For
example, SD Tsolakis(2003) finds out second-hand price has a positive relation with
newbuilding price and T/C rate by Vector Autoregression models. Zhao yan(2010)
analyses the long-term dynamics and short-term fluctuations between freight rate and
newbuilding market through VEC model. The problem is OLS technology is not able
to find out non-linear relations between target variable and input variables. However,
from previous study, we find the relations of ship price with age, dwt, timecharter rate
and other factors are non-linear relations. Therefore, in those studies, the result is not
satisfying.

1.4 Research purpose and method
The main objective of this paper is to estimate value of second-hand bulk carriers by
back propagation artificial neural networks(BP ANNS). Relevant literatures are
reviewed and data is collected from Clarkson database which is used to verify the

7
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model. Based on the previous literatures, the major factors that deal with second-hand
vessel would be used in our model. The results will help two parties in ship
transaction to reach a fair price. It can also give a strong support on second-hand ships
financing and give insurance company a reference to evaluate the value of ships.

This paper can be generalized into three aspects:

First, brief introduction of ships market and price assessment of ship.
This paper will briefly introduce ships market through demand and supply theory.
When we talks about price of ships, it is impossible to merely care about demand and
supply of ships market because demand of ships market is associated with the demand
of shipping market. In this part, the relations between ships market and shipping
market are explained. Despite this, this paper will make a research of current ship
valuation market. How the market works and methods of ship valuation which is
commonly used will be briefly introduced.

Second part, analysis of determinants to ship valuation
This paper makes an overall analysis on ships price. The influence factors are divided
into three sectors which are technician factors, market factors and external factors.
Based on analysis, this paper find out that different ships have their own different
influence factors and the weight of each factors is different in different ships. General
speaking, the driven force for fluctuation of ships price is different in different types
and ages of ship.

Third, BP ANNS of secondhand price for bulk carrier.
In this paper, BP neural network is used to calculate the ship price for its significant
capacity to non-linearity simulate and grasp the inherent laws of problems by
self-study. By applying more than 600 ship transactions information of major bulk
carriers from 2011/4 to 2014/4 that collected from Clarkson Sin database, a vessel
valuation models based on BP neural network is established. The determinants of ship
8
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valuation like of age, DWT, newbuilding price, time charter rate, scrape value and
libor interest rate are used in our model.

9
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2 ships market and ships valuation
2.1 ships market
2.1.1 Demand and Supply theory of ships market
Shipping industry is a special industry which has a high volatility. Just as farmers’ live
were determined by weather, ship owners cannot avoid the waves of the shipping
cycle. If we look at the newbuilding price of Panamax 75,000 bulk carrier, we will
find that the price for the ship itself is about $14.5 million in 1976, $18 million in
1987, $27 million in 1996 and $55 million in 2008. It was still worth $20 million in
2013. In here, we are talking about price of ships instead of the value. According to
economic theory, price is totally different with value. Price is the quantity of payment
or compensation given by one party to another in return for goods or services. Value is
a measure of the benefit that an economic actor can gain from either a good or service.
In a long term, we can see price is always fluctuated with the value. That is because
price is driven by demand and supply of the market including ships market.

Ships market and shipping market constitute shipping industry. They are so closed
with each other. So when we discuss the demand and supply theory about ships
market, we are not only talking about ships market itself but also shipping market.
Ships are a kind of instruments of production in some ways. If someone buys a cargo
ship, the ships must be put into the shipping market to get freight rate for him.
Shipowners will not buy a ship without considering economic utility of the ship even
though price of the ship is very low. On the contrast, if ship owners believe that the
expected return of a ship is very high, he will purchase the ship although the ship
price is very high too. That always happened. For example, in 2008, ships price
reached its highest point. But shipyards still received lots of orders from ship owners.

Since the purpose for purchase of a ship is its economic utility, freight rate becomes a
link between ships market and shipping market. When we talk about ships market,
actually we are discussing three different markets which is newbuiling market,
10
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second-hand market and demolition market. The relationship between ships market
and shipping market is showed in figure 2.1.

Figure 2.1 Demand and supply for shipping market and ships market

From figure 2.1, we can see that ships market is on the left side of the picture.
Shipping market is on the right side of the picture. If we look at the central part of the
picture, we find that shipowner has a double identity in marine transportation system.
In ships market, shipyards provide ships who are suppliers. Ship owners buy the ships
who represent demand side in ships market. On the contrast, in shipping market, ship
owners are the suppliers because they provide transport capacity for cargo owners. So
the ship owners become an intermediary between the supply of ships market and
demand of shipping market which makes whole marine transport system workable.

2.1.2 Characteristic of second-hand ships market
The most popular definition for second-hand ships in shipping industry is that the ship
is sold to another ship owner after a certain period of operation in shipping market.
But in recent years, some ship owners transfer the ships to another ship owner after
the construction of newbuilding ships complete. Such kind of purchase behavior is
also considered as the purchase of second-hand ship. Compared to newbuilding ships,
investment in second-hand ships have follow advantage:

1) Less capital involved
Second-hand vessel is a practical way for the company which has a small scale and
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limited cash flow to join the shipping industry. Because of the less capital involved,
the company will suffer less loss compared to newbuilding vessel.
2) Putting into use quickly
Since the shipping market is influenced by many factors, it changes all the time. A
successful ships owner always takes opportunity to make profits by join the market in
a right time. When the market goes prosperity, ship owner can join the market
immediately by purchasing a second-hand vessel. But if you order a new ship from
shipyard, it will take long time to complete construction and then you may lose
opportunity.
3) Easy to know performance of the sold ship
It is easy to know the performance of a second-hand vessel. But you can only know
the performance of a newbuilding vessel through trial voyage. For second-hand vessel,
since it has operated for a certain period in the shipping market, you can easy to find
the records of voyage.

For second-hand vessel market, there are several noteworthy characteristics:

One of the significant features is the parties involved in deal are ship owners. From
the supply side of second-hand vessel market, the ships owned by original ship owner
are sold on the market because the original ship owner thinks the performance of the
ship cannot reach his expectation anymore after a period of operation. So in order to
keep the fleet’s competitiveness in the market, he will sell the ship. On the other hand,
the buyer will think it takes a long time to building a new ship and in order to join the
shipping market immediately he will buy a secondhand vessel from other ship owner.

Another distinguish feature of second-hand vessel market is that the price of
second-hand vessel shows strong volatility. As said in previous section, the demand
and supply of the market decide the price of vessel which also can be applied to
Secondhand ships market. Generally speaking, when the shipping market goes into
prosperity the demand will exceed the supply. Then since the shortage of supply, the
12
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ships will become scarce resources. So the price of second-ship will increase. On
another scenario, when the shipping market goes into depression, the supply will
exceed demand. Then the overflow of supply will lead to the decline of secondhand
ships price.

2.2 Secondhand vessel valuation
Ship valuation is a process of estimating ships price by qualified organization or
person which have abundant work experience in shipping and specialized knowledge
of ships. The whole process of estimation should meet the requirement of local law
and regulation. Typically, estimation of vessel value has several remarkable features
which can help us see reality with a deeper understanding of it.

Firstly, the results of vessel value estimation cannot be enforced. The result is an
advice or suggestion provided by experienced and specialized person. In reality, the
price provided through vessel value estimation is just a reference for the parties
involved in ships purchasing. The final transaction price usually depends on
negotiation tactics and motivation of involved parties in vessel purchasing.

Secondly, ship valuation as a professional consultant service should meet the
requirement of market economy. The objection of the estimation is to provide a fair
price of vessel according to the current market condition.

Thirdly, ship valuation is an expert opinion which given by specialized and
experience person who work in shipping. Professionalism in the valuation shows in
two ways:
I.

The whole process of estimation is divided into small parts and those parts
should be assigned to different experts. Because it can avoid that the result is
dominant by one or two person.

II.

The result of vessel valuation is based on the knowledge of ships and marine

13
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technology and market condition of shipping.

When you estimate the ship’s value, you should know not only the specification about
ships but also current situation of shipping market. It shows the complication of ship’s
value estimation and sets a high baseline for practitioners in this industry.

Finally, the result of vessel value estimation should base on an objective and fair
attitude. Because the aim of the value estimation is to provide a fair price for both
parties involved in the transaction. The assessor should not take side in transaction.

2.3 Ship valuation market in China
Vessel value estimation service has a broad market in China. The construction of
Shanghai international shipping center promotes the development of the market of
vessel value estimation. Comparing to other countries, the market of vessel value
estimation started late in China. At present, the market mainly covers the following
three types of institutions engaged in vessel value estimation in our country2:

Property assessment Corporation given by bank
Before banks determine to approve financing plan of shipowners, they tend to know
the price of the ship and the potential risk of ship financing projects which need them
to track price change constantly in real-time. But the ship price assessment service of
bank itself is not professional, so they often hire property assessment corporations to
provide an evaluation report of the ship for them. Typically, the bank will let the
shipowner choose one of property assessment corporations which is in a list given by
the bank. As a result of the property assessment corporation is appointed by the bank,
the assessment report issued by them usually can get bank approval. But problem is
that those “appointed company” basic don't know ships and the shipping market,
many of them evaluates shipping prices by the method which is same as the method
2

Le zhi. (2012).
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they use in real estate appraisal. On the other hand, because the bank have interests of
the ship financing, those appraisal institution must satisfy the interest of bank. So the
result is lack of objectivity and profession.

Insurance corporation
At present, insurance companies engaged in shipping insurance business have start
vessel value assessment service in China. The reason for them to start the service is
that the premium that insurance company charge for shipowner is based on shipping
prices. On the other hand, when accident happens insurance company need to pay for
the damages according to the ship’s price. Usually, only when total loss happens, the
insurance company will require an assessment of ship price. And the ship's total loss
rarely appears. Since the ship’s price directly affect the premium insurance companies
charge and amount of damages they pay, ship’s price assessment company is often
hired or appointed by the insurance company.

Ship brokers
Ship brokers have a strong sense of profession in ship valuation. The main business
area of ship brokers is the purchasing and selling of ship, so they are very familiar
with the feature of ships price which makes a guarantee on the assessment service. On
the other hand, Shipbrokers constantly keep business intercourse with shipyards and
shipowners. Both of them trust ship brokers and only after the money come from
shipowner’s account to shipyard’s account the broker get commissions, so in order to
ensure the smooth progress of the transaction, ship brokers must provide a
comparatively fair price for them. This is to ensure the objectivity of the value
assessment of the ship.

Now in the world, ships value assessment service is dominated by several giant
Newbuilding and S&P broker corporation.

Through the brief analysis of vessel value assessment service in China, this paper
15
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found the following problems:

The institution of vessel value assessment is unethical. Their assessment’s result is
lack of objectivity either because they can get benefit in the ships transaction or
because of their ignorance.

The vessel value assessment industry is short of professional institution. The problem
is caused by government supervision. For example, ZSEM(ZHEJIANG SHIPPING
EXCHANGE MARKET CO.LTD) which is very professional in ships value
assessment can only provide assessment report to other institution which is authorized
by government to start assessment service because the ZSEM doesn’t get approval
from government.

Since the assessment service is start late in China, methods of ships price evaluation is
still insufficient. Most of studies stay in the replacement cost approach, market
method and income method in ships price assessment.

In order to develop ships price assessment market and promote the construction of
Shanghai international shipping center, the market needs to be reformed. In here, we
appeal to open the market completely. Only when the censor system is abolished
absolutely, the outstanding assessment institution will spring up. On the other hand,
theory always leads the development of practice. The development of theory of vessel
price assessment should be encouraged.
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3. Common methods of ship valuation
Since there are many factors affecting ship price, it is necessary to make a systematic
research on how to assess ship price. In order to get ship valuation correct, the ship
itself is need to be analysed including its type, size, age and other factors before
valuation method is selected. At the present stage, the replacement cost method,
income approach and market comparison method are mainly used in ship valuation.
Each of them has its own merits and defects.

3.1 Replacement Cost Method
3.1.1 Introduction of Replacement Cost Method
The replacement cost method is use the ship replacement price in current market to
deduct loss of the ship including substantial loss, functional loss and economic loss of
the ship.3 The replacement cost method can be expressed as following formula:

Psh  Cre  Ls  L f  Le
Psh: Price of secondhand vessel
Cre: Cost of replacement which is usually repurchasing cost of the ship
Ls: Substantial loss of the ship
Lf: Functional lossof the ship
Le: Economic loss of the ship

It can be expressed as following formula as well:

Psh  Cre  (1  Rde )
Rdeis depreciation rate of the ship. It is always calculated by following formula:

Rde 

yp
yu

ypis the practical serviced life of the ship and yu is the expected useful life of the ship.

3.1.2 Precondition of replacement cost method
The replacement cost method based on the current new shipbuilding price and loss of
3

Jiang Zongchuan (2006).
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the ship. So it must meet the following two conditions:
I.

There must be at least a shipyard providing newbuilding price for the ship.
Because if there is no shipyard providing the price, the replacement price of the
ship cannot be determined. But not all of the ship can get quotation from shipyard.
For those ships built under special purpose and some type of ships have been
phased out, it is impossible to get quotation from shipyard.

II. The loss of the vessel is able to be measured. The loss of the vessel includes
substantial loss, functional loss and economic loss of the ship. If you want to
assess ship price, you must know how to measure those loss.

3.1.3 The merits and defects of replacement cost method
The merits of replacement cost method can be concluded into two points.
Replacement cost method use a repurchase price as a benchmark price which has fully
considered the cost of ship construction. It can completely reflect factors of the ship
itself affecting ship price. So it is suitable for the MPP carriers. On the other hand, it
reflects depreciation of equipment on board including. It measures substantial loss,
functional loss and economic loss of the ship which can reflect the depreciation of the
ship in ship operation.

The defects of replacement cost method can be concluded into three points. Firstly, it
is not able to show how shipping market affects ship price. It only considers
newbuilding price and loss of the ship. But in practice secondhand price will
sometimes higher than newbuilding price that cannot be happened in replacement cost
method. Secondly, because of the complexity in the composition of the ship itself,
assessment of substantive loss, functional loss and economic loss of the ship is a
tough job that involves a large amount of calculation. Finally, since the delivery
period of newbuilding vessel is 2-3 years the newbuilding price can be thought as a
future price and using a future price in the assessment of current vessel is not suitable.
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3.2 Income approach
3.2.1 Introduction of income approach
In income approach, future incomes of the vessel which are converted into present
value are used in ship valuation. Hamburg formula is an example of income approach.
Hamburg formula developed in early 2009 by Hamburg’s shipping sector to value
vessels based on their long term earnings. It’s being used by both shipowners and
accountants and banks. Following Formula is the Hamburg formula.

 Ct  Bt   RWt
t
T
t 1 1  i 
1  ii T 
T

LTAV  

C = Current Net-TC-Rate in running year
B t = Average-OPEX of the last 8-10 years
i = Discount rate
t = period (t1 current year)
T= Remaining period until age 20/25 Years
RWT = Residual value, based on ldt, average $ scrap price/ldt and multiple (ldt in long tons,
1t= 0.9832 lt)

The reason for the German approach was widely accepted by banks is it meets the
interest of the banks when the shipping market is in depression. Although it can help
banks to reduce risk in ship financing, it is also criticized by other sale and purchase
brokers outside Germany. Brokers said that under the Hamburg formula, vessels that
had sold in early February 2009 for $10.5m would be valued at $60m.4

3.2.2 Precondition of income approach
There are three preconditions for income approach:
I.

The major parts of income approach are income and cost. Therefore, the future
earning and operational cost must be able to be calculated.

II. The income and operational cost of the ship are stable and predictable. It requires
that the volatility of shipping market for that type of the ship is small. For oil
4

Hamburg formula gaining acceptance (2011)
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tankers and dry bulk carrier which markets have strong volatility are not suitable
to be valued by income approach.
III. The risk taken by shipowners can be measured by currency. Ships always sail on
the sea with risks and those risks can affect future earnings of the ship. So
assessment of the risks that shipowners may take is a prerequisite of income
approach.

3.2.3 Merits and defects of Income approach
The biggest advantage of income approach is that it takes future earning of the ship
into account. It reflects the ability of the ship as an asset to get profit which makes it
easy to be understood and accepted when making investment decision. It has some
defects as well. Since the shipping market shows strong volatility in its history, it is
quite difficult to forecast the future income. On the other hand, the ship always
accompany with risk on the sea. So the forecast of future operational cost is hard to be
guaranteed and accurate. Therefore, affected by those factors, the level of future
earnings cannot be controlled.

3.3 Market approach
3.3.1 Introduction of market approach
The first step of market approach is to find a ship which is similar with the vessel
needing assessment in specifications. Then through comparison of the two ships the
difference between them can be figured out and how the difference affecting ship
price should be determined. Market approach is widely used in ship valuation because
it is easy to carry out and can directly reflect current status of the market.

There are several factors affecting ship price in specification of the vessel including
tonnage, size, draft, speed, ability of cargo handling, age and etc. Those factors need
be measured and used in ship valuation. Under market approach, ship price can be
calculated by following formula:
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P  P ' X  Y  Z
P: ship price
P’: reference ship price
X: estimator for age
Y: estimator for dwt
Z: estimator for speed

The critical point of market approach is how to correct ship price to the fair price.
Since those factors don’t have linear relations with ship price, it is not suitable to use
a simple coefficient to correct ship price. At present, sales and purchase brokers
always correct ship price based on their own experience in practice. So the result is
always subjective and has a big risk of errors.

So far, there is no strict formula can be applied to any situation in market approach.
We can take dwt as an example. As we all know, the bigger the vessel is, the higher
the price is. But the ship price of 80,000 dwt is smaller than 75,000 ship because
according to the navigation rules and tonnage regulation of Panama Canal 80,000 dwt
ship is not allowed to pass through the canal. But mechanized correction is quite
useful in calculation of depreciation of the ship. We can roughly estimate the annual
depreciation of the ship after the economic life and residual value of the ship are
assumed. In practice, the depreciation rate of new vessel is around 6% and the rate
increases significantly with the increase of age.

3.3.2 Precondition of market approach
According to the principle of market approach, it should meet following condition
before the use of the approach:
I.

A completely developed and active ships market is required. Only when the
market has strong liquidity, it is possible to find similar reference to the ship and
then ship price can be evaluated.

II. The specification of assessed ship can be collected. Beside those factors
mentioned in previous part, the affecting factors should include background of
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transaction and whether the ship has a time charter or voyage charter as well.
Eventually, all those factors will affect ship price.

3.3.3 Merits and defects of market approach
The greatest advantage of market approach is that the ship valuation bases on ship
price of recent real transaction. Since the market shows less volatility in short-term,
result of assessment can reflects market status and is easy to be accepted. On the other
hand, market approach not only considers the marketing factors affecting ship price
but consider the technical parameters of the ship include age, DWT, building country,
main engine, fuel consumption, cargo handling equipment and etc. So it can reflect
ship price comprehensively.

3.4 Conclusion
In this part, three approach of ship valuation are introduced. Each of them has their
own merits and defects. Therefore they have their own applications.

The replacement cost method that can reflect the cost and losses of the ship is suitable
for use of price assessment of some particular ships. For general type of ship, it is not
recommended to use because it cannot reflect the current market conditions and the
workload is big. If the ships market is comparative and active the market approach is
recommended because in such market it is easy to get a reference ship. But for those
inactive ships market or market is in depression the result of market approach is not
reliable. For LNG ships, its market is quite stable and operation cost and future
income is usually fixed. Therefore income approach is better than other approaches in
ship price valuation.

Ship price should not only reflect the market condition but also reflect technical
features of the ship. Replacement Cost method bases on the replacement cost of the
ship and doesn't consider the influence of the market condition. Income approach
bases on future income of the ship. So if the future income and operational cost are
22
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not able to forecast due to volatility of the market, the income will be useless.
Through the analysis of current popular approach in ship valuation, this paper find
only market approach not only consider the shipping market condition but also
consider the technical features of the ship itself. But it requires that the ships market
must be an open and active market. For the inactive market and market in depression,
market approach is not suitable to evaluate the ship price. In addition, how to measure
the degree of ship technical features affecting ship price is also a problem.
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4. Determinants of Ship Price
Ship is a complex machine sailing on the sea. Ship prices reflect not only the technical
features of ship itself and market situation (demand and supply) but also the negotiate
skills of both parties involved in ship transaction. At the same time, some external
factors should be considered as well. Those things determine the complexity of ship
valuation.

4.1 Technical features of ships
4.1.1 Type of ship
Type of ship which is main influence factors of ship price reflects in construction cost
and market segmentation.

Difference in construction cost
Because of the difference of types and properties of carriage of cargo, technical
difficulty and equipment on board are different which leads to a huge difference in
ship price. The price for different types of ship is list in figure 4.1.
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Panamax 75-77K DWT Bulkcarrier Newbuilding Prices
LPG carrier 78-84K CBM (Fully Ref) Newbuilding Prices
Panamax Tanker 73-75K DWT Coated Newbuilding Prices

Figure 4.1 Price for different types of ships
Data collect from Clarkson database
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Sometime special requirements putting forward by shipowner will increase the
construction cost. On the other hand, nature of ships, such as difference in ship's
tonnage, speed, design performance, will directly affect the shipping cost to a great
extent.

Market segmentation
Now the shipping market has been highly segmentation. The market is segmented by
type of carriage of cargo, tonnage of ship and canal restrictions. Although in the long
term trend, all different market segments are closely associated with the global
economy. If we take economic crisis as an example, we can see that all market
segments of shipping came through a contraction in 2008. But in a short term trend,
the trend of different types of ship is different. For example, from 2008-2012, bulk,
tank and container carrier are still in a long term slump but the market for heavy lift
carrier and seahorse carrier looks good.

4.1.2 Age
Insurance premium and operation cost depends on the age of carrier that is also
determine remaining usage period of the carrier itself. Typically, the remaining usage
period of carrier is shortening with the increase of age which usually leads to the
decrease of operating income and the asset prices plunge. Figure 3.4 shows the
relation between ship price and ages.
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Ship price with age
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Figure 4.2 Ship price with ages
Data collected from Clarkson Sin database

As we can see, with the increase of age of the ship, the ship price decreases. But after
the ship age is over 20, the speed of decrease is slow. This is because the ship price is
closed to its scrape value therefore it is no room for the decrease of ship price.

There are three reasons can explain why ship price decrease with the increase of its
age:
The first reason is the decrease of operation time. With the aging of vessel, equipment
on board will be aging gradually which will reduce the speed of vessel and increase
fuel consumption. On the other hand, the frequency of machine failure will increase
which will lead to the raise of maintenance time and frequency. Hence, the operation
time on the sea will decrease.

The second reason is the increase of operation cost. For older ships, the insurance
company will increase premium accordingly. The maintenance cost will increase with
the increase of machine failure as well. Because of the aging of main engine and
auxiliary engine, fuel consumption and lube oil consumption will increase.
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The last one but not the least is the contraction of inspection interval. For older vessel
(older than 12 years), inspection interval is at least 2 years. But for the vessel under 12
years, the interval can be extended to two and a half years. In addition, for class
special survey, when the ship aging, survey cost of the third survey will increase
greatly and the special inspection will be more thoroughly than previous one.

4.1.3 Cargo capacity
Cargo capacity is the maximum quantity of cargo ship can carry, the cargo capacity of
dry bulk ships and tankers are generally measured by deadweight tonnage (DWT).
For container vessel and RO-RO ship, they are measured by twenty equipment unit
(TEU) and number of car the ship can carry respectively. Cargo capacity reflects the
number of freight of ship can earn, generally speaking, the larger the cargo capacity,
the more freight the ship is able to make. In addition, this phenomenon shows in ships
price as well. For example, cargo capacity for handy, panamax and capesize increase
in turn, ship prices have also increased in turn. But shipping prices is not proportional
to the changes of ship's cargo capacity. For a specific type of vessel, there is an
optimal cargo capacity which is determined by characteristic of shipping market of
that type of vessel. If cargo capacity of a ship is larger than the optimal capacity, the
vessel price will decrease. Because once the ship is too big to get through the canal or
reach ports due to the restriction of the depth of water in those ports they will have to
choose deviation which leads to increase operating costs and reduce the ship price. In
addition, if ship is too big, the charter may not have enough cargo to fill the ship. So
dead space maybe appears and cause unnecessary waste which affects ship price as
well.

4.1.4 Ship building country
In some extents, building country reflects the quality of ships and the quality will
affect the operation of ships. The ship with higher quality needs less maintenance cost
in the progress of operation. So the operating time will increase and the ship will
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shows better the ability of earning the freight to charter that promotes the increase of
ship price.

Through the history of the world shipbuilding industry, the focus of shipbuilding has
transferred to Europe, Japan, South Korea and China in turn. In the 1950s, the center
of shipbuilding transferred from Europe to Japan. After ten years, Japan became the
biggest country of shipbuilding. And then the it transferred to Korea. In 1990s, Korea
caught up with Japan in shipbuilding. Since that, it has transferred to China and there
is sign shows India and Vietnam is to be favor for shipbuilding industry because of
the cheaper labor cost. But emerging shipbuilding countries still need time to close the
gap in shipbuilding experience and technology. Although international shipbuilding
center transfer again and again, those need high technology and value-added vessels
are still built in Europe, Japan and Europe such as LNG carrier and seahorse carrier.

4.1.5 Size, draft and water area
The size of the vessel mainly means length, width and depth of the vessel. Ships at sea
need to meet the restriction of the canal and the limitation of depth of water of port.
So size and draft of the ship will affect the ship's navigation route. Therefore, it will
ultimately exert an influence on ships price through affecting demand and supply
situation of the ship.

Water area has an influence on ship’s price. According to CCS, Water area can be
divided into sheltered water service area, coastal service area, greater coastal service
area and unrestricted service area.5 Different water area has different requirements to
ships in structure and other aspects. Among them, unrestricted service area has the
most restrict requirement and therefore cause its building cost is the highest. On the
other hand, ships building according to unrestricted service have more choice on
service route and have the stronger ability to adapt to market changes. Therefore, the
5

Jin Yuebo (2006)
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price of the ship is higher comparing to inland ships.

4.1.6 Class
There are many different kinds of ship's classification which is mainly divided into
two groups: international association of classification society (IACS) and non- IACS.
Most of the world's commercial vessels’ classes belong to IACS. The IACS has 12
members including Lloyd's Register(LR), American bureau of shipping (ABS),
Germany Lloyd's & Det Norske Veritas (DNV GL), Registo Italiano Navade(RINA),
Bureau Veritas(BV), Nippon kaiji kyokai(NK), China Classification Society(CCS),
Croatian Register(CRS), Korean Register(KR), Polski Rejester Statkow(PRS),
Russian Maritime Register(RS), Indian Register(IRS).6 Non-IACS include Hellenic
Register(HRS), Cyprus Bureau of Shipping(CBS) and etc.

For different classification society, the requirements to ship are different leading to
different ship price. Although for IACS member, their requirements are in line with
the international generality, thus cause ships prices are basically the same. But for
ships with class of non-IACS, the price is not same as ships with class of IACS. This
is mainly caused by different technical standards and requirements. IACS has higher
technical standards in ships building and operation and non-IACS. So comparatively
the price is higher.

4.1.7 Flag
The word "flag" is often used symbolically as a synonym for "country of registration"
which is also described as flag state. The international conventions, treaty and
regulations of each country are different. Therefore the price of ships that have
different flag state is not the same.

In recent years, flag of convenience becomes more popular than before. It is caused
6

IACS Members (2014)
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by several reasons. On the one hand, open flag state has more restrict requirements on
ship in ships operation which ensures ships have less machine failure. On the other
hand, open flag countries not only allow ship owners to hire sailors in countries with
low labor cost but also give ship owners preferential Tax. In addition, due to political
reasons, ships under the flag of a certain state may be refused by ports in some
countries. For those ships, the influence of flag state on the ship's price is significant.

4.1.8 Equipment on board
Ship price is affected by the condition of machinery and equipment on board such as
main engine, auxiliary engine, steering, anchor, etc. In addition, other equipment also
affect ship, such as the number of ship's spare parts, size of ship engine room, ship
navigation and communications equipment, the living condition of the crew, and the
strength of the ship's deck.

Main engine, as the most important part of marine power plant, accounts 10-20% of
total cost of the ship construction. The price of main engine is not same among
different brands and the quality is different as well. A good engine helps to reduce fuel
consumption cost and chances of machine failure. So it is helpful to increase ship
price.

The cargo handling equipment of bulk carriers and general cargo ship is the crane.
That of oil tanker is oil pump. The numbers of cargo handling equipment and its
capacity have an influence on the time of ships spending on port. The faster the speed
of cargo handling is the less time the ship stays in port. In addition, cargo handling
equipment affect the flexibility of the operation of ship. The ship with cargo handling
equipment can reduce cargo handling cost because they don’t use crane of ports.
Therefore, the ships having cargo handling equipment usually can be sold at a good
price.
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4.1.9 Speed and oil consumption
Speed of ship is not same among different types of ship that is determined by the
feature of cargo they carried. The speed of bulk carrier and tanker is typically from 13
to 17 knots. For container carrier, since the cargo’s value is comparatively high the
speed is relatively fast. The speed of fastest container carrier can reach 29 knots.7 The
faster the speed of the vessel is the shorter the time of ship sail on the sea. And the
ship can have more voyages and earn more freight. So the ships price should be higher.
However, under the same circumstances, If ship sail at sea, the fuel consumption will
be high. After the global economic crisis in 2008, global oil prices have been high and
the market supply capacity is greater than demand. Therefore, each ship companies
reduce fuel consumption by reducing ship speed.

The rise in oil prices prompted ship designer rethink their design. As in the 1980s,
higher oil prices prompt the development of energy-efficient ships. But after the
construction of those ships is complete, the oil price decreased sharply that caused
those ships lost competence in shipping market.8 Therefore, when we consider the
effects of ship’s speed on ship’s price, we should not only think it can shorten time of
sailing but also consider the fuel consumption and capacity of demand and supply in
shipping market.

4.1.10 Ships management
Ships management refer to how shipowners or ship management company operate the
ship. Specifically, we should pay attention on whether their management system is
scientific and whether the sailors they hired are qualified. Because management level
of shipowner directly affect technical state of the ship. Well management system
contributes to the reduction of operation cost of ship. Maintaining ships in a good
technical status which help to reduce maintenance cost and increase work efficiency.

7

Xue Lianshen (2007).
The Trade's Oil Over the Place, Captain.(2012)
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Therefore the price of those ships under well management system is typically higher
than ships under poor management system.

In practice, when investors make a decision to purchase a ship, they will tend to
purchase those ships that have previous experience of time charter or voyage charter.
Because it is easy for investors to know the management condition of those ships.
Hence, ship management is an important factor affecting the ship price.

4.2 Market factors affecting ship price
As we said in previous sections, the demand and supply capacity of ships market are
affected by shipping market. Ships market can be divided into three sub-markets.
They are newbuilding market, secondhand market and demolition market. Ship price
in secondhand market is affected not only by its internal factors of ships but also by
the external factors from other markets.

4.2.1 Freight Rate
The prosperity and depression of shipping market typically reflects in freight rate first.
Higher freight rate stimulates shipowners and investors to increase capacity of their
fleet to get greater interests. Due to the new ships will need at least 2-3 years for
delivery. It is best choice for them to buy a secondhand vessel if they want to seize the
current favorable market conditions. However, supply capacity of shipping market is
limited in the short term. In good market condition, when demand keep increasing,
short supply will appear which will lead to increase of ship price. On the contrary,
when markets hit bottom, there is no cargo for the ships to carry. So the enthusiasm of
the investors to buy the ship will be affected and the demand of the ship will decrease.
Eventually it will reduce the ship price.
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Figure 4.3 10 years Secondhand Price of Panamax and 6 month T/C Rate
Data collected from Clarkson database

Table 4.3 shows the 10 years secondhand price of Panamax almost follows the same
pattern with 6 months timecharter rate of Panamax. When freight rates peaked in 2008,
secondhand price peaked as well. In addition, since freight rate is one of driven force
of ship price it shows less volatility than freight rate.

4.2.2 Newbuilding Price
When the shipowners or investors decided to increase their fleet capacity, they have
two options: order a new ship from shipyard or purchase a secondhand vessel.
Therefore as an substitute of newbuilding vessel, secondhand price will be affected by
newbuilding price. If the newbuilding price is very high, it will push investors to
secondhand market that will increase the demand of the market. The growing demand
eventually will push up the price of the ship.

However, newbuilding ship and secondhand vessel are not complete substitutes with
each other.9 Construction cost is the major driven force of newbuilding price. In
addition, newbuilding ship is thought as a kind of future goods.10 Typically, a ship
from submit orders to the final delivery will need at least 2 to 3 years, and during this

9

Beenstock M, Vergottis A (1989)
Discussion on bulk carrier market (2013).
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time great changes might have been taken place in the shipping market. Newbuilding
price and secondhand price don't have a simple linear relationship with each other.
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Figure 4.4 10 year SH Price and NB Price for handymax
Data collected from Clarkson database

Figure 4.4 shows newbuilding price and secondhand price almost have same trend in
Handymax carrier. But since newbuilding price is mainly driven by construction cost
the newbuilding price shows less volatility.

4.2.3 Scrap Value
In previous section, this paper said ship price reduce with aging of the ship itself. But
when the growth of age is up to a certain fixed year, the ship price changes are small
and tend to fix a certain value which is called scrap value. The scrap value can be
expressed as following formula:

Scrap Value  average scrap price  ldt
Ldt----light displacement tons

Scrap value reflects the residual value of ship. It affects ship price which mainly
reflects in old age vessel. As the aging of the vessel, shipowner is faced with two
options, either to continue operating, or to scrap the vessel. When the market is in
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prosperity, shipowner will extend the time of the operation of the ship as long as the
ship can. Because higher freight rate can offset the operating costs. At this time, the
value-in-use of the ship is higher than its scrap price. On the contrary, if the market is
in depression, it will push shipowners to scrap the ships.

4.3 External factors affecting ship price
Due to the particularity of the shipping industry, the Ship price is affected by external
factors. Those factors are global economy, government policy, development of
shipbuilding technology and environmental protection issue.

4.3.1 Global economy
As a part of global economy, shipping industry is affected by the changes of global
economy. The development of world economy has affected the global freight volume
and transport of goods is mainly transported by ships in the world. The changes on
demand of shipping market will directly reflect in freight rate and eventually it will
affect ship price. Ship price also rose with rapid and stable development of the global
economy from 2003 to 2007. But with the outbreak of financial crisis in 2008, the
development of the global economy encountered widespread stagnation and recession
and ship prices also fell sharply. Although the influences of financial crisis on
different type of ship are not same, global economy and ship price are bound together
for good or ill in a long term.

4.3.2 Government policy and regulation
Government sometimes will exert their influence on ship price through government
policy and regulations. Due to shipping industry take an important role in national
economy and national security, many countries provide government support for
shipbuilding industry and shipping industry around world. The government's support
is help for shipyard to speed up technology innovation in shipbuilding that will
eventually increase the supply of ships market. Government supports shipping
35

4. Determinants of Ship Price

company by providing convenient ship financing services that will promote
shipowners to enlarge their fleet and eventually affect demand capacity of ships
market.

4.3.3 Development of shipbuilding technology
The development of shipbuilding technology is driven by three factors. One is the
progress of the technology itself. With the rapid development of the technology in
engine, materials and other related area, shipyard can build a larger vessel with a
higher level of automation. Another factor is the diversification of market demand.
With the development of shipping industry, there will be constantly new the type of
goods and transport demand appears that will lead to demand of new type vessel
appears. In addition, the requirements of energy saving have cause update of
shipbuilding technology. Typically, fuel cost accounts 25-30% of the cost of ship’s
operation, sometimes it is even more than 50%. Under the serious situation of oil
price rising year by year, the world shipbuilding industry has pay more attention on
energy saving and use of alternative energy.

Shipbuilding technology advances allow shipyard to build more energy efficient ships.
However, it will lead to phase out old type vessel. Energy saving will accelerate the
high fuel consumption ship out and market segmentation will accelerate the general
cargo ship out. At that time, no one will want those ships therefore the ship price will
decrease sharply.

4.3.4 Environment Protection
As a traditional industry with a long history, shipping industry has got more and more
pressure related with environment protection. "Green building"11 is an example of the
positive response to the environmental protection from shipbuilding industry in recent
years. Environmental impacts of vessel not only include the emission of greenhouse
11

Zhang Biao (2007).
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gases and other harmful gas to air pollution but also include discharge of sewage,
ballast water, and Marine oil pollution. On the one hand, the environmental protection
need shipowners to strengthen the management of the ship and reduce sewage and
ballast water pollution. On the other hand, environmental protection also requires
shipping industry to reduce energy consumption that lead to energy efficient ships
appears. Apparently, the price of energy-efficient ships will be higher than the
traditional vessel.

4.4 Conclusion
In this part, a systematic analysis of the factors that affect shipping price is made. The
factors are divided into three classes: the technical features of ship itself, shipping
market and external factors. Those factors make ship price assessment to be complex.
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5. Introduction of Artificial Neural Network
An Artificial Neural Network (ANN) is an information processing paradigm that has
seen an explosion of interest over the last few years and is being successfully applied
across an extraordinary range of problem domains, in areas as diverse as finance,
medicine, engineering, geology and physics. It is consisted of a large quantities of
processing units (neurons) which work together to solve specific problems. In this
part, we will briefly introduce the ANNS.

5.1 A simple neuron
An artificial neuron is a device with one input and one output as showed in figure 5.1.

Figure 5.1 a simple neuron

p is the input of the neuron. w is called weight. b is threshold value or biased value.
Perceptron learning rule will be used to calculate n which is called net input. The
perceptron learning rule is expressed as following formula:

n  wp  b
And then the net input will be transfer into activation function f. Through function f,
we will get the output a. So the output can be calculated by following formula:

a  f ( wp  b)
The output is not only decided by the input but also decided by the activation function.
There are several commonly used functions such as step function, linear function and
sigmoid function. The activation function is usually selected according to practical
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use. Threshold value is like a weight except it can equal 1. If you don’t want to use it,
you can ignore it.

5.2 Multilayer neural network
Typically, a single multi-input neural network cannot meet practical requirements. In
practical application, a multilayer neural network is usually used. But before this
paper talk about multilayer neural network, we should know single layer neural
network first. Figure 5.2 shows a single layer neural network which is consisted of
three multi-input neuron.

Figure 5.2 A single layer neural network

The layer include the weight matrix, threshold values, activation functions and output
a. The inputs pi connect with each neuron through the weight wi,j which is a 4×3
matrix. For each neuron, there is a threshold value, activation function f and output a.
If you put all output a together, output vector a will be got. Typically, the quantity of
input is not equal with output and the activation function is different in each neuron.

The multilayer neural network is the combination of several single layer neural
networks. Each layer has its own weight matrix, threshold value vector, activation
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functions and output vector. Typically, a superscript is used to represent the layers.
Figure 5.3 shows a three-layer neural network.

Figure 5.3 A three-layer neural network

As figure 5.3 show, there is 4 inputs, 3 perceptron in first layer. We may have
different numbers of perceptron in each layer although we only have three perceptron
in all layers. The outputs of the first and second layers are the inputs of the second and
third layers respectively. So we can take second layers as a single-layer neural
network which input is a1and output is a2. Sometimes the first layer which has the
input of whole network is called input layer and the last layer which has the output of
the network is called output layer and the other layers is call hidden layer.

The function of the multilayer neural network is much stronger than single-layer
network. For example, a multilayer neural network which has linear activation
function in first layer and sigmoid activation function in second layer can distinguish
data that are not linearly separable。
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5.3 Back Propagation Neural Network (BP-ANNS)
The first for back propagation algorithm used in neural network is in 1985. It is
developed by David Rumelhart, Geoffrey Hinto and Ronald Williams It gains in
popularity since it is included in a book called Parallel Distributed Processing.12At
present, back propagation neural network (BP-ANNS) is one of the most widely used
artificial neural networks.

BP network provide an efficient way for adjustment of the weight used in neural
network that the neural network can turn the input values into the desired output. The
learning process of the network composes two parts: forward propagation and back
propagation. Input values go through hidden layer and then transmit to the output
layer in the forward process. If there is a difference between the actual output values
and correct output, BP network turns to back propagation. The error value is then
propagated backwards through the network and the weights are revised in each
layer .The whole process is repeated until the overall error value declined to a
pre-determined threshold.

Architecture of BP network is same as multilayer neural network which shows in
figure 5.3. The most widely used activation function in BP network is sigmoid
function.

5.3.1

Mathematical description for BP network

After many years of experiment, the researchers found that the activation function
used in BP network should be continuous differentiable. So the most widely used
function is sigmoid function:

f ( Ni , j ) 

1
N
1  e i, j

Ni,j is the net input of the perceptron which is calculated by following formula:

12

Rumelhart, D. E. (1988)
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Ni , j   w j ,k pi , k   j
k

Wj,k is weight matrix and pi,k is the input value. θis threshold value. So the output is:

oi , j 

1
1

1  exp( w j ,k pi , k   j ) 1  e  Ni , j
k

Under sigmoid function, we have following formula:

f '( N i , j ) 

oi , j
N i , j

 oi , j (1  oi , j )

So for the output layer, the backpropagated error is:

 i , j  (ti , j  oi , j )oi , j (1  oi , j )
For the hidden layer, the backpropagated error is:

 i , j  (ti , j  oi , j )  i ,m wm , j
m

The weight should change to:
w j , k   i , j oi , k

η is the learning constant defines the step length of the correction which has a great
influence on learning process. Typically, the bigger of η will lead to the more changes
in weight. In order to avoid instability and oscillations in a system the η will be
chosen as big as possible.

5.3.2

Training process of BP network

1. To set the initial parameters for the BP network
2. To provide the training sample
3. Feed-forward computation (calculating outputs for each layers)
4. To determine whether the output of the network reach pre-determined precision
If it is reach the pre-determined precision, the training is over.
If it is not, the algorithm goes into following step:
5. Backpropagation computation(calculating Backpropagation errors for each layers)
6. Update weights and come back to step 3.
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Figure 5.4 Training process of BP network
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6. Ship valuation model of major bulk carriers
6.1 Data Collection and Software
The purpose of this paper is to find how BP network can be used in price valuation of
bulk carriers. In order to achieve this goal, four major types of bulk carriers are taken
as our sample. They are Capesize, Panamax and Handymax and Handysize.

Capesize carrier which is over 100,000 dwt can sail through the horn of Africa even in
the bad weather. The major cargo carried by her is iron ore. Panamax is a specially
designed to be suitable for the Panama Canal lock. Many dry bulks, such as grain, are
mainly carried through the Panamax. A handymax is typically 150-200 meters
(492-656 feet) in length, though certain bulk terminal restrictions such as those in
Japan mean that many handymax ships are just under 190 meters in overall length13.
Modern handymax are 52,000-58,000 DWT in size. Typically, it has five cargo holds
and four cranes of 30 metric ton lifting capacity. Handysize is numerically the most
common size of bulk carrier. Handysize ships are more flexible than other types of
vessel they can enter smaller ports attributing to their small size.

According to previous chapters, there are many determinants that would influence the
ship valuation. Thus, in this chapter, the determinants which are both easy to be
quantified and available for the research are chosen as the suitable data in BP network.
More than 600 ship transactions records from 2011 to 2014 are used in this paper. All
the data of transactions are manually collected from Clarkson Sin database. The
quantity of ship transactions for each type of ship shows in table 6.1.
Table 6.1 Data for each type of ship

Capesize
Panamax
Handymax
Handysize

13

Quantity of data
85
165
191
182

Period of data
2011/6 to 2014/4
2011/4 to 2014/4
2011/4 to 2014/4
2011/4 to 2014/4

DWT
100,000+
65,000-99,999
40,000-64,999
10,000-39,999

Ship sizes - from 'Handymax' to 'ULCC'(2007)
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The input variables include technical variables which are age of the ship and ship’s
dwt and market variables. Market variables include Newbuilding Prices, 6 Month
timecharter Rate, Scrap Value and LIBOR Interest Rates. The target value is the
transaction price. The inputs and target value show in table 6.2.

Table 6.2 Input varaibles and target value

Variable

Definition

Unit

Target

Transaction Price

$ Million

Input 1

Age

Year

Input 2

Deadweight Tonnage

Ton

Input 3

Newbuilding Prices

$ Million

Input 4

6 Month timecharter Rate

$/Day

Input 5

Scrap Value

$ Million

Input 6

LIBOR Interest Rates

%

Market variables using in network are monthly data and one month before the ship
transaction date. For example, if the ship transaction date is 2014/4/5, the data of T/C,
Scrape value and NB price on March.2014 will be used in the network as showed in
figure 6.1. The reason for us to use lag inputs in the network is to simulate the real
decision making process of ships valuation. In practice, it is impossible to use the
current newbuilding price or timecharter rate to estimate the ship price because there
is no data for you. On the other hand, monthly data contains information of one month.
Typically, in ship valuation, you will not only consider one day or two day market
information. The information you take into consideration maybe one month or longer.
Therefore, in this research, the historical and monthly data are used in the network.
Figure 6.1 Time relation between inputs and output

This paper establishes BP network by neural network toolbox of MATLAB 2012B.
Neural network toolbox provides us statements to directly create function, activation
function and train function which makes the construction of neural network easy.
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6.2 Parameter Setting of BP Network
6.2.1 Pre-process of the data
Due to the restriction of activation function of neural network, the data need to be
normalized. The normalization of the data makes all input in the same position and
can avoid the saturation of the network. It can help to reduce the absolute error of the
output as well. The normalization of the data uses following formula:

y 

 y max

 y min  *  x  x min 

 x max

 x min 

 y min

Ymax and y min are upper and lower limit of the result which is 1 and -1. X is the input
variable. According to this formula, all input variables will reflect on [1,-1].

6.2.2 Numbers of layers
The numbers of layers of the BP network determine its ability to solve the problem at
some extent. Typically, the ability of the network to solve non-linear problem
increases with the rise of structure complexity of the network. But if we increase the
numbers of the layers, the time to solve problem will increase as well.

Therefore the numbers of layers can be too much or too less. In this paper, the
numbers of layers is 4 which is 1 input layer,1 output layer and 2 hidden layer.

6.2.3 Numbers of perceptron for each layer
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Input layer
The numbers of perceptron are determined by the variables of the model. In this paper,
according to the ship price valuation model, the perceptron should be 6 for input
layers.

Hidden layer
The number of perceptron in hidden layers determines the performance of the BP
network. More perceptron in hidden layer will reduce the error of the network but can
increase the training time and lead to the further training. Typically, the number of
perceptron can be determined by following formula:

nh  ni  no  l
Nh, ni, no are the number of perceptron in input layer, hidden layer and output layer. l
is a constant between 1 to 10. This paper selects 6 and 8 as the number of perceptron
in hidden layers.

Output layer
Typically, the perceptron in output layer are equal to the number of desired output of
the model. In this paper, the output is the ship price so there only one perceptron in
output layer.

6.2.4 Selection of activation function
Activation function is used to calculate the output of each perceptron. The selection of
activation function will affect the training performance of the network. Threshold
function, linear function and sigmoid function are widely used in neural network.
Among them, the sigmoid function is especially suitable to solve non-linear problem.
In this paper, sigmoid function is selected as activation function for hidden layers in
BP network. For output layer, linear function is selected.

6.2.5 Selection of training function
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The training function used in this paper is ‘trainbr’ which updates the weight and bias
values according to Levenberg-Marquardt optimization. In this framework, the weight
and biases are assumed to be generated randomly with specified distribution. One
feature of this algorithm is that it provides a measurement of how many networks
parameters (weights and biases) are being effectively used by the network.14 On the
other hand, Bayesian regularization performs better than early stopping in most case
especially when the data set is small.

6.2.6 Selection of goal and epochs
In training process, when the practical error reach the pre-determined goal the training
stop. This number should be decided by test. Typically, the number of perceptron in
hidden layers and number of layer affect how we select goal. Epochs determine the
maximum iterations of the network. When the iteration reaches this number, training
will stop. In this paper, the goal is 10-6 and epoch is 1000.

6.2.7 Selection of initial weights and threshold values
Initial weigh and threshold values affect the training performance and time used in
training. An over-large initial weight will lead to the stagnation of the training. On the
contrast, if the initial weight is too small, it will make the training time to be longer.
So in order to guarantee the training performance, the initial weights are generally
selected in (-1, 1). This paper will randomly generate initial weights and threshold
values. The range for generating weight is (0.01 to 0.1).

14

Martin T. Hagan, Howard B. Demuth, Mark H. Beale(1996)
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6.3 Process of construction of BP network
In this part, this paper takes Capesize BP network as an example to explain the
process of construction of the network. The network of other type vessel is same as
the Capesize and only the input and target value is different. Data is prepared in
advance. The first step is to import data in MATLAB from two excel documents
which contain input data and target data respectively. And then the input data is
normalized and reflect on [1,-1]. The following statements are used to realize those
functions:

din=xlsread('d:\datain','CAPE');

% import input variables

din2=din';

% transpose of matrix

clear din;
[din,ps]=mapminmax(din2);

% normalization of input

dout=xlsread('d:\dataout','CAPE');

% import target value

target=dout';

% transpose of matrix

Second step is to construct a BP network which has 4 layers. The first layer for the
network is input layer which is automatically set according to the input. Second layer
and third layer are hidden layer which have 6 perceptron and 8 perceptron separately.
The last layer is the output layer. In this paper, the output is the ship transaction price.
Therefore there is only one perceptron in this layer. The training function of the
network is ‘trainbr’. Following statements can help us realize it:

net=newff(din,target,[6,8],'','trainbr');

% construct a BP network

Third step is to set parameters for the network and train the network. This paper has
given key parameters in previous section. Following statements can help us set
parameters and train the network:
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net.trainParam.epochs=5000;

% Parameters setting

net.trainParam.goal=0.0000001;
net=train(net,din,target);

% training the network

Forth step is to simulate the network through the data. So the practice output of the
network can be got. Following statement can help us realize it:

price=sim(net, din);

% simulation

6.4 Results analysis
6.4.1 Result of Capesize
85 ship transactions are found in Clarkson database from 2011/4 to 2014/4. Those
transactions price are collected as the target value for the BP network. The input
variables include technical variables which are age of the ship and ship’s dwt and
market variables. Market variables include Capesize 176-180K DWT Newbuilding
Prices, 6 Month timecharter Rate 170,000 dwt Bulkcarrier, Capesize Scrap Value and
LIBOR Interest Rates.

Through training the network, results show in figure 6.2. As we can see, it is a
four-layer network. There is 6 perceptron in hidden layer 1 and 8 perceptron in hidden
layer 2. The activation functions for hidden layer 1 and hidden layer 2 are log-sigmoid.
The linear function is the activation function for the output layer. The data is divided
into two groups randomly which are training group (70% of total amount) and testing
group (the left 30%). The training method is Levenberg-Marquardt with Bayesian
Regulation. The error measurement function is mean squared error. The algorithm is
stop at 397 iterations and total time for the computation is 2 seconds.

Figure 6.3 shows the performance of the network that is measured by MSE. The blue
line represents the MSE of training group and red line is the MSE for test group. The
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blue line declines sharply before 50 epochs and then it goes steadily. Finally it reaches
its lowest point which is 0.52883. The red line goes down quickly before 10 epochs. It
shows strong fluctuation from 10 to 30 epochs. The lowest point is showed in this
stage as well. But with the decrease of blue line the red line increases from 30 epochs
to 60 epochs. After that, the red line is stagnant and there is a slightly decrease around
250 epochs. The interval between red line and blue line is small which shows the
network works well both in training group and test group.

Figure 6.4 shows the result of regression between output of the network and target
value. In training group, R2 is 0.99892 which shows output of the network almost has
complete linear relations with target value. R2 of test group is quite close to the
training group which is 0.97845. It shows the network has high accuracy and
excellent capability of generalization. Figure 6.5 shows the output value (Blue line)
and target value (Red line) which are shows in same Coordinate system. As we can
see the, two lines are nearly overlapped. Therefore, there is only tiny difference
between the output of the network and the target value. The BP network with
Bayesian Regulation works well in Capesize.
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Figure 6.2 Result for Capesize bulk carrier

Figure 6.3 Performance of the model for Capesize bulk carrier.

52

6. Ship valuation model of major bulk carriers

Figure 6.4 Regression between target and output for Capesize
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Figure 6.5 Target and output for Capesize
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6.4.2 Result of Panamax
164 ship transactions of Panamax are found in Clarkson database from 2011/4 to
2014/4. Those transactions price are collected as the target value for the BP network.
The input variables include technical variables which are age of the ship and ship’s
DWT and market variables. Market variables include Panamax 75-77K DWT
Newbuilding Prices, 6 Month timecharter Rate 75,000 dwt Bulkcarrier, Panamax
Bulker Scrap Value and LIBOR Interest Rates that they are monthly data and one
month before the ship transaction date.

Through training the network, results show in figure 6.6. As we can see, it is a
four-layer network. There is 6 perceptron in hidden layer 1 and 8 perceptron in hidden
layer 2. The activation functions for hidden layer 1 and hidden layer 2 are log-sigmoid.
The linear function is the activation function for the output layer. The data is divided
into two groups randomly which are training group (70% of total amount) and testing
group (the left 30%). The training method is Levenberg-Marquardt with Bayesian
Regulation. The error measurement function is mean squared error. The algorithm is
stop at 434 iterations and total time for the computation is 3 seconds.

Figure 6.7 shows the performance of the network for Panamax bulk carrier that is
measured by MSE. The blue line declines sharply before 30 epochs and then it
decrease slowly. Finally it reaches its lowest point which is 1.1767. The red line have
same trend with blue line before 30 epochs. After 30 epochs, it shows a slightly
increase. Then the red line goes steady. The interval between red line and blue line is
small which shows the network works well both in training group and test group.

Figure 6.8 shows the result of regression between output of the network and target
value. In training group, R2 is 0.99172 which shows output of the network almost has
complete linear relations with target value. R2 of test group is quite close to the
training group which is 0.95022. It shows the network has high accuracy and
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excellent capability of generalization. Figure 6.9 shows the output value (Blue line)
and target value (Red line) which are shows in same Coordinate system. As we can
see the, two lines are overlapped in most area. Only at some specific point, the
difference between output and target are found. Therefore, the BP network with
Bayesian Regulation works well in Panamax.

Figure 6.6 Result for Panamax carrier
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Figure 6.7 Performance of the model for Panamax

Figure 6.8 Regression between target and output for Panamax
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Figure 6.9 Target and output for Panamax

6.4.3 Result of Handymax
191 ship transactions of Handymax bulk are found in Clarkson database from 2011/4
to 2014/4. Those transactions price are collected as the target value for the BP
network. The input variables include technical variables which are age of the ship and
ship’s DWT and market variables. Market variables include Handymax 61-63K DWT
Newbuilding Prices, 6 Month timecharter Rate 52,000 dwt Bulkcarrier, Handymax
Bulker Scrap Value and LIBOR Interest Rates that they are monthly data and one
month before the ship transaction date.

Through training the network, results show in figure 6.10. As we can see, it is a
four-layer network. There is 6 perceptron in layer 1 and 8 perceptron in layer 2. The
activation functions for layer 1 and layer 2 are log-sigmoid. The linear function is the
activation function for the output layer. The data is divided into two groups randomly
which are training group (70% of total amount) and testing group (the left 30%). The
training method is Levenberg-Marquardt with Bayesian Regulation. The error
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measurement function is mean squared error. The algorithm is stop at 494 iterations
and total time for the computation is 3 seconds.

Figure 6.11 shows the performance of the network for Handymax bulk carrier that is
measured by MSE. The blue line declines sharply before 10 epochs and then it
decrease slowly. Finally it reaches its lowest point which is 3.0923. The red line have
same trend with blue line before 10 epochs. After 10 epochs, it shows a slightly
increase. Then the red line goes steady. The interval between red line and blue line is
small which shows the network works well both in training group and test group.

Figure 6.12 shows the result of regression between output of the network and target
value. In training group, R2 is 0.95962 which shows output of the network almost has
strong linear relations with target value. R2 of test group is quite good as well which is
0.91836. It shows the network has good capability of generalization. Figure 6.13
shows the output value (Blue line) and target value (Red line) which are shows in
same Coordinate system. As we can see the, two lines are overlapped in most area.
Only at some specific point, the difference between output and target are found.
Therefore, the BP network with Bayesian Regulation works well in Handymax bulk
carrier.
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Figure 6.10 Results for handymax bulk carrier

Figure 6.11 Performance of the model for handymax
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Figure 6.12 Regression between target and output for handymax
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Figure 6.13 Target and output for handymax

60

6. Ship valuation model of major bulk carriers

6.4.4 Result of Handysize
182 ship transactions of Handysize bulk are found in Clarkson database from 2011/4
to 2014/4. Those transactions price are collected as the target value for the BP
network. The input variables include technical variables which are age of the ship and
ship’s DWT and market variables. Market variables include Handysize 32-35K DWT
Newbuilding Prices, 6 Month timecharter Rate 30,000 dwt Bulkcarrier, Handysize
Bulker Scrap Value and LIBOR Interest Rates that they are monthly data and one
month before the ship transaction date.

Through training the network, results show in figure 6.14. As we can see, it is a
four-layer network. There is 6 perceptron in layer 1 and 8 perceptron in layer 2. The
activation functions for layer 1 and layer 2 are log-sigmoid. The linear function is the
activation function for the output layer. The data is divided into two groups randomly
which are training group (70% of total amount) and testing group (the left 30%). The
training method is Levenberg-Marquardt with Bayesian Regulation. The error
measurement function is mean squared error. The algorithm is stop at 998 iterations
and total time for the computation is 7 seconds.

Figure 6.15 shows the performance of the network for Handymax bulk carrier that is
measured by MSE. The blue line declines sharply before 10 epochs and then it
decrease slowly. Finally it reaches its lowest point which is 3.7616. The red line
follow same trend with blue line. two lines go steady since 30 epochs. The interval
between red line and blue line is very small which shows the network works well both
in training group and test group.

Figure 6.16 shows the result of regression between output of the network and target
value. In training group, R2 is 0.93544 which shows output of the network almost has
strong linear relations with target value. R2 of test group is quite good as well which is
0.9219. It shows the network has good capability of generalization. Figure 6.17 shows
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the output value (Blue line) and target value (Red line) which are shows in same
Coordinate system. As we can see the, two lines are overlapped in most area. Only at
some specific point, the difference between output and target are found. Therefore, the
BP network with Bayesian Regulation works well in Handysize bulk carrier.

Figure 6.14 Results for handysize bulk carrier
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Figure 6.15 Performance of the model for handysize

Figure 6.16 Regression between target and output for handysize
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Figure 6.17 Target and output for handysize
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6.5 Conclusion
In this chapter, how the data is selected is explained and key parameters of BP
network are introduced in order to give an overview for the network. The transaction
data are separated into four groups according to the deadweight of ship. For each
group, the results of the network have showed in previous parts. And the result shows
the network has good capability of generalization. But problem is although the BP
network with Bayesian Regulation works well in major bulk carrier whether all BP
networks also work well.

For the question, we design another BP network which use Levenberg-Marquardt as
training method. Ship transactions of Handysize bulk carrier are used in the network.
Other parameters are same with Bayesian Regulation BP network. Figure 6.18 shows
the result of the network. As we can see, it is a four-layer network. In
Levenberg-Marquardt training function, the data is divided into three groups
randomly which are training group (70% of total amount), testing group (15%) and
validation group (15%). The algorithm is stop at 6 iterations and total time for the
computation is less than 1 seconds which use less iterations and time comparing with
Bayesian Regulation BP network.

Figure 6.20 shows the performance of the Levenberg-Marquardt network for
Handymax bulk carrier that is measured by MSE. The blue line steadily decreased in
training process. Finally it reached its lowest point which is 21.5264 which is much
higher than 3.76 in Bayesian Regulation network. The red line and green line are quite
closed with each other which show the network works healthy for the handysize
transaction data.

Figure 6.19 shows the result of regression between output of the network and target
value. In training group, R2 is 0.85891 which is lower than 0.93544 in Bayesian
Regulation network. But it also shows output of the network almost has strong linear
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relations with target value in training group. However, R2 of test group is quite small
which is only 0.69884. It shows the network doesn’t have good capability of
generalization. Therefore, with the comparison with Levenberg-Marquardt network,
Bayesian Regulation works better in Handysize bulk carrier although it use a bit long
time. But 7 seconds is absolutely acceptable in practical use.

Figure 6.18 Results of Levenberg-Marquardt BP network for handysize
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Figure 6.19 Performance of the model with Levenberg-Marquardt for handysize

Figure 6.20 Regression between target and output in Levenberg-Marquardt
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In order to give a clear result, we put all results of the model tighter in table 6.22. It
shows capsize carrier has the best result among four types of bulk carrier. The training
regression of capesize reaches 0.998 which is almost equal to 1 and the test result
reaches 0.978. It means the model for capesize carrier has a good capacity of
generalization. On the other hand, the worst result comes out in handysize bulk carrier
whose performance is largest in four types and takes the longest time to reach the
result. It is a bit wired because the quantity of data for handysize is 182 which is quite
good comparing with capesize which is only about 80. And the ship price for
handysize has less volatility than capesize because it has more flexibility in operation.

Table 6.3 Results of the BP model for all types

Type of ship

Performance
(MSE)

Training
regression

Test
Regression

validation
regression

Capesize

0.52883

0.99892

0.97845

2

Panamax

1.1767

0.99179

0.95022

3

Handymax

3.0923

0.95962

0.91836

3

Handysize

3.75616

0.93544

0.9219

7

Handysize_lm

21.5246

0.85891

0.77649

0.69884

time
(seconds)

1

So as to find the answer, we list transaction records in table 6.4 which have big
difference between target value and output. The selection criterion is standard
deviation. If the difference between the transaction price and out is larger than 3
standard deviation of the whole group the transaction will be selected (stdv. is around
1.27). If we look at the table 6.4, we can find the biggest difference happens in the
ship transaction of Charlotte Bulker. The transaction price is $34 million which is
quite wired because $34 million can almost buy a Panamax carrier in April 2014. So it
is assumed caused by human error. Another similar example is Jin Cheng Zhou 118
which is a 3 year old vessel and the transaction price is $8 million. Typically, ship
price decreases slowly in its first 5 years. So $8 million for a 3 year old ship is not a
fair price. Another transactions is need to be mentioned are Daishin Maru and Ocean
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Vita. The outputs is obviously higher than the transaction price in the two transactions
which reveal the defect of our model-it is not able to reflect the technical condition of
old vessel. In our model, only age and dwt reflect the ship technical condition. But
point is if a ship is under bad management the ship price decreased sharply which
especially reflects in old vessel. Therefore, human errors and defect of the model lead
to the worst result appears in the model for handysize carrier.

Table 6.4 Ship transactions with huge difference

Name

Age

Dwt

NB

TC

SCRAP

LIBOR

US$m

Output

Daishin Maru

17

38692

21

7625

3.44

0.4362

3.7

9.4187

Jin Cheng Zhou 118

3

23294

21

6438

3.24

0.4654

8

13.2476

C. S. Victory

10

32395

21

7000

3.24

0.5142

10.1

14.0622

Charlotte Bulker*

6

32132

21

7000

3.24

0.5142

34

17.669

Ocean Vita

14

16857

22.75

11125

3.92

0.5978

4.5

8.726

Another question we need answer here is that whether the one-month-before-input is
best for the model. Honestly, it is hard to give an absolutely correct answer about how
to select inputs. Since the modern science bases on experiments, this paper has made
another four types input for the model which are 3-month-before-input,
6-month-before-input, 1-year-before-input and 2 year-before-input. The results for
them show in table 6.5. As we can see, the results for 1-month, 3-month and 6-month
are almost same. There is tiny difference in performance and training regression. For
test regression, 6-month is even higher than 1-month but not too much (0.935 and
0.918 respectively). But if we look at 1-year and 2-year, the results of test regression
show huge difference with the others. They are only around 0.5. So we can get a
preliminary conclusion that the input data within 6 months have the same influence on
the transaction price but when it extent to 1 year or longer the influence gets weaker.
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Table 6.5 Resutls of BP model for inputs in different periods

Inputs for
Handymax

Performance
(MSE)

Training
regression

Test
Regression

time
(seconds)

1 Month

3.09

0.95962

0.91836

3

3 Months

3.8

0.95003

0.85917

6

6 Months

3.61

0.95706

0.94505

5

1 Year

1.07

0.9865

0.59594

3

2 Years

0.834

0.98996

0.53465

7
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7. Summary
7.1 Summary of research and contribution
Service of Ship valuation which is an important part of modern shipping service is not
only a strong support for ship sales and purchase and shipping finance but also have
an important role in the construction of international shipping center. Under this
background, this paper makes a research on ship valuation. Through a thoroughly
analysis on common method of ship valuation and determinants of ship price, this
paper establish a BP neural network applying to ship valuation. The main
contributions of this paper are:

1. This paper makes a study on the nature of ship valuation which is a process of

estimating ships price by qualified organization or person. And then it explains the
current ships valuation market in China which is majorly dominated by bank,
insurance company and ship brokers.

2. This paper systematically analyzes the factors that affect shipping prices. Those

factors can be classified into three categories which are technical factors, market
factors and external factors. Based on the analysis, 6 factors which are easy to be
quantified and available for the research are selected as input variables in our
model.

3. This paper establishes a ship valuation model for major types of bulk carriers
which is based on BP network. The input variables include age ,deadweight
tonnage, newbuilding price, timecharter rate, libor interest rate. The neural
network tool box is used to construct the network in MATLAB 2012B. The results
show the errors between output of the network and target values are in an
acceptable range.
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7.2 Limitation of the research
This paper is focus on ship valuation and gets a pretty good result. But due to the
restriction of self-experience and knowledge, our model of ship valuation still exist
some problems.

One major problem of our research is the size of data. As we show in previous chapter,
we only have 85 data for Capesize bulk carriers which are much smaller than other
types of ship. It is because the ship price of Capesize is comparatively higher than
other ships which lead to a higher entrance level and a simple use of Capesize carrier
is another reason. On the other hand, we can only get small quantity data from
Clarkson Sin database. So it is why our data start from 2011/4.

Another problem is it is hard to be quantified the technical factors which affects ship
price. As you can see, only two technical factors are selected into the model which is
age of the ship and deadweight tonnage. Other factors like type of engine, flag and etc.
are hard to be quantified. When selecting technical factors, we considered the speed
and fuel consumption because it is measured by number. But in data collection stage,
we found only half ship transactions have speed and fuel transaction. Half size of data
is unacceptable so we have to abandon the two variables.
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Appendix A. Program code
1) Capesize:
din=xlsread('d:\datain','CAPE');
din2=din';
clear din;
[din,ps]=mapminmax(din2);
dout=xlsread('d:\dataout','CAPE');
target=dout';
net=newff(din,target,[6,8],'','trainbr');
net.trainParam.epochs=5000;
net.trainParam.goal=0.0000001;
net=train(net,din,target);
price=sim(net, din);
net=init(net);
2) Panamax
din=xlsread('d:\datain','PMX');
din2=din';
clear din;
[din,ps]=mapminmax(din2);
dout=xlsread('d:\dataout','PMX');
target=dout';
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net=newff(din,target,[6,8],'','trainbr');
net.trainParam.epochs=5000;
net.trainParam.goal=0.0000001;
net=train(net,din,target);
price=sim(net, din);
net=init(net);
3) Handymax
din=xlsread('d:\datain','HMX');
din2=din';
clear din;
[din,ps]=mapminmax(din2);
dout=xlsread('d:\dataout','HMX');
target=dout';
net=newff(din,target,[6,8],'','trainbr');
net.trainParam.epochs=5000;
net.trainParam.goal=0.0000001;
net=train(net,din,target);
price=sim(net, din);
net=init(net);
4) Handysize
din=xlsread('d:\datain','HDS');
din2=din';
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clear din;
[din,ps]=mapminmax(din2);
dout=xlsread('d:\dataout','HDS');
target=dout';
net=newff(din,target,[6,8],'','trainbr');
net.trainParam.epochs=5000;
net.trainParam.goal=0.0000001;
net=init(net);
net=train(net,din,target);
price=sim(net, din);
5) Handysize_lm
din=xlsread('d:\datain','HDS');
din2=din';
clear din;
[din,ps]=mapminmax(din2);
dout=xlsread('d:\dataout','HDS');
target=dout';
net=newff(din,target,[6,8]);
net.trainParam.epochs=5000;
net.trainParam.goal=0.0000001;
net=init(net);
net=train(net,din,target);
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price=sim(net, din);

Appendix B. Raw Input (part)
1) Capesize
Name
Lian Fu Star
Shagangfirst Era
Pacific Challenger*
Pacific Enterprise*
Bulk China
Conches
Mona Pegasus*
Koho*
Maria Carmen Lembo*
Sanko Power
Glory Advance
Pacific Challenger
Houheng 3
Cape Provence
Scope*
Proud*
Pacific Crystal
K. Global Pride*
Shiga
Grand Clipper
Atlantic Bridge
Cape Kestrel*
Su-oh
Cape Condor
Yangtze Marvel
Chrismir
Tai Fu Star
Bulk Canada
Lilac
CSK Enterprise
NSS Bonanza
Cape Shanghai

Age
17
4
19
18
1
3
14
15
3
4
17
18
1
8
7
4
19
1
7
17
8
20
16
9
14
16
15
1
4
16
17
6

Dwt
172091
181447
149210
149363
179109
179078
172571
172964
175125
181196
171039
149210
179895
177022
174092
178055
264158
179185
176990
168146
177106
161475
171081
180181
170974
159829
178632
179397
179643
168404
170907
174109

NB
56.5
56.5
56.5
56.5
56.5
56
56
56
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
52.5
50
50
50
50
50
50
50
49
49
49
48
48
48
48
48

TC
30422
30422
30422
30422
30422
21125
21125
21125
31500
31500
19250
19250
19250
19250
19250
19250
27000
30375
30375
30375
30375
30375
30375
30375
18900
18900
18900
16250
16250
16250
16250
16250

SCRAP
10.1
10.1
10.1
10.1
10.1
9.78
9.78
9.78
9.25
9.25
9.32
9.32
9.32
9.32
9.32
9.32
8.99
8.76
8.76
8.76
8.76
8.76
8.76
8.76
7.9
7.9
7.9
8.79
8.79
8.79
8.79
8.79

LIBOR
0.3307
0.3307
0.3307
0.3307
0.3307
0.3309
0.3309
0.3309
0.3468
0.3468
0.351
0.351
0.351
0.351
0.351
0.351
0.3623
0.386
0.386
0.386
0.386
0.386
0.386
0.386
0.3959
0.3959
0.3959
0.4032
0.4032
0.4032
0.4032
0.4032
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2) Panamax
Vsl Name
Ocean Lily
Grand Ocean
Giant Pescadores
Shinchi Maru
Babitonga
Aspendos
Seacon 9
Pleione
Million Trader II
Barito
Utopie
Giuseppe Rizzo
Prime Ginger*
Prime Daisy*
Prime Rose*
Prime Lily*
New Irene
GL Qushan*
Chengyang Pioneer
Sea Resolute
Kalypso
Trave
Grand Diva
Mineral Pearl
Global Triumph
Christina Victory
Hsin Ho
Stella Becrux
Marine Prosperity
Shirane
Hokuriku Maru
Carol
Ocean Lion
Volumnia
Pride of Indore
C. Journey
Botafogo
Oriental Pioneer

Age
8
2
16
19
13
11
2
18
10
18
6
10
2
2
2
2
17
3
1
16
17
13
7
1
18
7
16
2
12
13
18
14
8
11
17
18
12
17

Dwt
76585
81622
71671
91443
75253
74380
75200
70189
76466
73008
75118
77684
82000
81507
81516
81507
72940
98681
76201
73322
73762
75253
76596
81545
72870
82619
71965
80328
73326
77672
94274
75608
75656
76015
75265
73095
76623
69606

NB
29.25
29.25
29.25
29.25
29.25
29.25
29.25
29
29
29
29
29
29
29
29
29
29
27.75
27.75
27.75
27.75
27.75
27.75
27.75
27.75
27.5
27.5
27.5
27.5
27.5
27.5
27
27
27
27
27
27
27

T/C
16000
16000
16000
16000
16000
16000
16000
17125
17125
17125
17125
17125
17125
17125
17125
17125
17125
17756
17756
17756
17756
17756
17756
17756
17756
15125
15125
15125
15125
15125
15125
17031
17031
17031
17031
17031
17031
13969

SCRAP
5.43
5.43
5.43
5.43
5.43
5.43
5.43
5.42
5.42
5.42
5.42
5.42
5.42
5.42
5.42
5.42
5.42
5.18
5.18
5.18
5.18
5.18
5.18
5.18
5.18
5.24
5.24
5.24
5.24
5.24
5.24
5.02
5.02
5.02
5.02
5.02
5.02
4.9

LIBOR
0.3309
0.3309
0.3309
0.3309
0.3309
0.3309
0.3309
0.3394
0.3394
0.3394
0.3394
0.3394
0.3394
0.3394
0.3394
0.3394
0.3394
0.3468
0.3468
0.3468
0.3468
0.3468
0.3468
0.3468
0.3468
0.351
0.351
0.351
0.351
0.351
0.351
0.3623
0.3623
0.3623
0.3623
0.3623
0.3623
0.386
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3) Handymax
Vsl Name
Atalanta
Crown Princess
Anna Oldendorff
Stella Fomalhaut*
Bulk Avenir
Evian
White Halo
Livanita
Tropical Queen
Aquarosa
Jin Ze*
Jin Yang*
Slavnik
Asia
Metropol
Ocean President
Sanko Mermaid*
Ikan Serong
Nikkei Phoenix
Spiliani
Aoyama
Dietrich Oldendorff
Pacific Champ*
Pacific Royal*
Far Eastern Venus
Azure Sky
Eilhard Schulte
Orient Rise
Sea Peace
Tina A
St. Andrew
Montecristo*
Zella Oldendorff
New Rainbow
Toucan Bulker*
Thunderbird Bulker*
Dyna Crane
Maja

Age
15
9
12
15
12
12
2
17
9
4
2
4
16
4
2
13
5
8
12
20
8
1
18
18
8
19
15
4
14
17
18
2
12
15
2
2
7
2

Dwt
44593
52347
52466
46693
50399
51215
55380
45426
52498
57000
57982
57982
46570
57005
56443
50913
50779
56042
45635
43246
56013
63238
43222
42975
53487
45712
49361
56700
46786
42717
41425
55675
50326
42717
57991
57991
55705
56733

NB
27.5
27.5
27.5
27.5
27.5
27.5
27.5
27.25
27.25
27.25
27.25
27.25
27.25
27.25
27.25
26.5
26.5
26.5
26.5
26.5
26.5
26.5
26.5
26.5
26.5
26.5
26.5
26.5
26.5
26.5
26.5
26.5
26.5
26.5
26.5
26.5
26.5
26.5

T/C
14312
13688
13688
13688
13688
13688
13688
13950
13950
13950
13950
13950
13950
13950
13950
14406
14406
14406
14406
14406
14406
14406
14406
14406
14406
14406
14406
14406
14406
14406
14406
13700
13700
13700
13700
13700
13700
13700

SCRAP
4.22
4.08
4.08
4.08
4.08
4.08
4.08
4.03
4.03
4.03
4.03
4.03
4.03
4.03
4.03
3.85
3.85
3.85
3.85
3.85
3.85
3.85
3.85
3.85
3.85
3.85
3.85
3.85
3.85
3.85
3.85
3.8
3.8
3.8
3.8
3.8
3.8
3.8

LIBOR
0.3307
0.3309
0.3309
0.3309
0.3309
0.3309
0.3309
0.3394
0.3394
0.3394
0.3394
0.3394
0.3394
0.3394
0.3394
0.3468
0.3468
0.3468
0.3468
0.3468
0.3468
0.3468
0.3468
0.3468
0.3468
0.3468
0.3468
0.3468
0.3468
0.3468
0.3468
0.351
0.351
0.351
0.351
0.351
0.351
0.351
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4) Handysize
Name
Romea
Orient Singapore
Ho Xin
Maple Crystal*
Maple Amethyst*
Harriett
Great River
Cathrin Oldendorff
West Fortune
Pacific Elfin
Global Arrow
Pochard
Free Knight
Pacific Chikusa
Daniela Bolten
CS Solaris
Cynthia Pioneer
Carl Oldendorff
Duncan Bay
Eternal Fortune
Jolbos*
Ocala*
Hanji Istanbul
Super Adventure
Tao Triumph
Tuna 7
Kita Dake*
Cielo di Genova
Ruby Star
Rabee
Fraga
Bulk Sunset
Little Manatee
Venus Ocean
Ladytramp
Vinaconex Lines
Commodore
Global Challenger
Beacon SW

Age
19
3
7
2
2
12
10
11
5
13
17
11
16
14
6
13
5
11
7
14
19
19
16
17
16
14
19
8
3
15
10
16
1
1
12
12
16
15
6

Dwt
38852
33688
24823
32394
32392
25565
33745
32253
28417
35062
24396
37020
24111
16870
23641
28492
23641
32189
28414
27797
29016
28960
27369
28630
23604
32128
21955
32354
34329
28674
28687
18315
38338
33706
24834
15502
30046
25012
32327

NB
23.5
23.5
23.5
23.5
23.5
23.5
23.5
23.5
23.25
23.25
23.25
23.25
23.25
22.25
22.25
22.25
22.25
22.25
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22

TC
10438
10438
10188
10188
10188
10188
10188
10188
9950
9950
9950
9950
9950
10188
10188
10188
10188
10188
9375
9375
9375
9375
9375
9375
9375
9375
9375
9375
9375
9375
9156
9156
9156
9156
9156
9156
9156
9156
9156

SCRAP
3.8
3.8
3.56
3.56
3.56
3.56
3.56
3.56
3.6
3.6
3.6
3.6
3.6
3.4
3.4
3.4
3.4
3.4
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36

LIBOR
0.3307
0.3307
0.3309
0.3309
0.3309
0.3309
0.3309
0.3309
0.3394
0.3394
0.3394
0.3394
0.3394
0.3468
0.3468
0.3468
0.3468
0.3468
0.351
0.351
0.351
0.351
0.351
0.351
0.351
0.351
0.351
0.351
0.351
0.351
0.3623
0.3623
0.3623
0.3623
0.3623
0.3623
0.3623
0.3623
0.3623
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Appendix C. ship transaction (part)
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Appendix D. Results of BP for inputs in different period
1) 3 months
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2) 6 months
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3) 1 year
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4) 2 year
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